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ABSTRACT
Helminthiasis is a neglected public health challenge threatening North Koreans. However,
there is no precise estimate on the burden of helminthiasis in the region. This study therefore
reviewed existing literature with the aim of analyzing the current state of helminthiasis among
North Koreans, as well as highlighting the difference in the prevalence of helminthiasis
between North Korean residents and refugees. All published resources citing helminthiasis
among North Koreans were screened through the PubMed and a Korean bibliographic data-
base as of April 2019. Official papers reported by the government and international agencies, as
well as reports and books published in North Korea, were reviewed. After removing duplicated
government reports, a total of 37 records were screened, and four were determined to be
included for review. The total number of study subjects was 621 from the four eligible studies.
Forty percent of them were refugees living outside North Korea. Total positive rate of any kind
of helminths was 37.7%. Ascaris was the most widespread helminths with a prevalence esti-
mate of 41.1%. The total positive rate of helminthiasis among residents living in North Korea
was significantly higher than that among North Korean refugees (47.2% vs. 23.4%, chi-square
p-value < 0.001). Poor hygiene, malfunctioning public health infrastructure, and feculent
agricultural practices accounted for the spread of helminthiasis. Appropriate strategies and
policies should be developed to prevent and alleviate helminthiasis in North Korea.
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1. Introduction

Helminth parasites infecting humans and other ani-
mals reside not only in the gastrointestinal tract of
their hosts but also in other parts of the body such as
the lymphatic system. Nematodes (roundworms) and
platyhelminths (flatworms) are two major phyla of hel-
minths: nematodes include the major intestinal worms
(a.k.a. soil-transmitted helminths) and filarial worms
(infecting lyphatic system and soft tissue); platyhel-
minths include the flukes and tapeworms [1]. Ascaris
and Trichuris belong to soil-transmitted nematodes,
and they are transmitted by eggs present in human
feces which contaminate the soil in areas where sani-
tation is poor [2]. Platyhelminth flukes include food-
borne trematodes such as Clonorchis sinensis and
Paragonimus westermani, which infect the bile duct
and the lungs in humans, respectively, following the
ingestion of uncooked fish or shellfish. Taenia solium
(pork tapeworm) and sparganum are platyhelminth
tapeworms that cause cysticercosis and lung nodules,
respectively [3].

Parasitic helminths have long plagued humans
globally. The WHO estimates about 1.5 billion people
are infected by soil-transmitted helminths worldwide
[4], resulting in 4.5 million DALYs (Disability-Adjusted
Life Years) lost in 2016 [5]. However, the benefit of
mass drug administration (MDA) campaigns using

albendazole/mebendazole in endemic areas has
decreased the burden suffered due to helminthiasis.
Although the disease burden of helminthiasis is
decreasing globally, the benefit of anti-helminth activ-
ity has been mostly concentrated in high- and middle-
income countries, leaving the burden of helminthiasis
underestimated worldwide [6].

Developing regions of East Asia have historically been
endemic to helminths [7]. Helminths that are endemic to
East Asia are soil-transmitted helminths (nematodes), pla-
tyhelminth flukes such as Schistosoma and C. sinensis, and
Taenia solium [1]. The YLDs (Years Lived with Disability)
caused by soil-transmitted helminths in East Asia are
estimated to be 79,932 per 1,000 people from ascariasis
and 18,199 from trichuriasis [8]. Among East Asian coun-
tries, North Korea (Democratic People’s Republic of
Korea) is suspected of having widespread endemics of
helminthiasis due to the limited access to sanitation [9].
North Korea is one of the poorest countries in the world
with an estimated nominal GDP of $1,013 per capita in
2015 [10]. The economic downturn of the socialist coun-
try, deteriorated by natural disasters and economic sanc-
tions, led to the collapse of the state-operated public
health system [11], particularly in terms of energy supply
to healthcare facilities [12,13]. Although more than 80%
of the population is covered by basic sanitation, accord-
ing to the UN’s Millennium Development Goals report,
only 59% use flush toilets, many of which are obsolete
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due to the lack of purification treatment systems in
operation [14]. This puts the population at an increased
risk of being contaminated by parasitic eggs [14,15], as
water, sanitation, and hygiene interventions are essential
in the control of helminthiasis [16].

Helminthiasis in North Korea has received relatively
little public health attention from the international
community. Although important breakthroughs in
data collection and investigation were made for the
current status of nutrition, hepatitis B, and tuberculosis
by researchers [13,17,18], no effort was realized on the
subject of helminthiasis. However, it should be noted
that helminthiasis is associated with or can aggravate
other health problems, such as tuberculosis, malaria,
HIV/AIDS, wasting, and anemia [19–24], which are pre-
valent in North Korea [5]. In this regard, it is essential
for public health professionals working in North Korea
to have knowledge about the current status of hel-
minthiasis, since it would provide the rationale for
the strategy on other important public health issues
such as malaria and malnutrition in North Korea. This
review, therefore, aims to analyze the current burden
of helminthiasis in North Korea. In particular, the
author will highlight the findings of helminthic cases
both in North Korean residents and refugees (defec-
tors) so that we can assess the differences in the epi-
demiologic conditions between the two populations.

2. Materials and methods

2.1. Study area

This systematic review will examine the prevalence of
human helminthiasis in North Koreans. Other parasitic
diseases such as malaria will not be discussed in this
review. Filarial nematodes will not be covered because
filarial worm infections such as lymphatic filariasis are
not endemic and are thus not expected to be prevalent
in North Korea [25].

2.2. Search strategy

Owing to its closed policy in terms of the release of
information, statistics regarding North Korea are difficult
to access. Health-related and demographic information is
not openly shared with other countries because of the
concern that international society could infer military
power potential from the statistics. While the North
Korean government has occasionally permitted South
Korean or international organizations to investigate indi-
genous North Koreans’ health, it is worthwhile to investi-
gate the current status of helminthic diseases in North
Koreans who relocated to South Korea or elsewhere; not
only can we deduce the health status of North Korean
residents from that of North Korean refugees, but we can
also figure out the socio-environmental determinants of
helminth dissemination by comparing the positive rates

of helminths between the North Korean residents and
refugees [26].

In search of the prevalence of parasitic diseases in
North Korea, all published resources citing helminthia-
sis were identified through the PubMed and a Korean
bibliographic database and were carefully analyzed as
of April 2019 (Figure 1). The author used the following
search terms for the PubMed: (‘infectious diseases’ OR
‘communicable diseases’ OR parasitosis OR helminthia-
sis OR helminthiases) AND (‘North Korea’ or
‘Democratic People’s Republic of Korea’ or ‘North
Koreans’) NOT (malaria [TI] OR plasmodium [TI]). Only
those studies that cited North Koreans, either current
residents in North Korea or resettled refugees from
North Korea, were included for analysis. The author
limited the dates of publication of the primary source
research to no earlier than 2000, as the helminthic
conditions could be influenced by the widespread
use of human feces as fertilizer in response to the
food shortage in the late 1990s [27]. The data were
included only when they made reference to helminthic
diseases, explicitly reported the number of study par-
ticipants (denominator) and cases (numerator) so that
test-positive rate could be estimated, and clearly dis-
closed epidemiologic and laboratory methods. There
were no issues regarding translation error since many
of South Korea’s governmental reports written in
Korean were also published in peer-reviewed interna-
tional journals.

2.3. Statistical analysis

An individual may be infected with multiple parasitic
species, which is a hallmark feature of helminth epide-
miology [1]. As an analysis of individual-level data was
not possible from the source literature, the author only
counted the numbers of infected individuals to calcu-
late total positive rates for each species, not consider-
ing multiple infections within an individual. Pearson
Chi-squared test was used to compare the total posi-
tive rates of helminthiasis between North Korean resi-
dents and refugees. Statistical analysis was performed
using R version 3.5.3 (The R Foundation for Statistical
Computing, Vienna, Austria). A p-value of < 0.05 was
considered statistically significant.

3. Results

A total of 37 records (after removing duplicated gov-
ernment reports) were retrieved from the search
queries. After excluding 32 irrelevant records, a total
of five sets of data was included (Figure 1). One report,
however, was not published at the request of the
North Korean government [28]. Thus, four data sets
were available for the final analysis, of which two
surveyed North Korean refugees and the other two
surveyed both the North Korean residents and
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refugees (Table 1). Two studies [29,30] gathered infor-
mation from patients reporting any kind of symptoms
that led to medical attendance, whereas the other two
surveys were conducted upon healthy individuals for
cross-sectional analysis. One study performed serum
ELISA for food- and water-born helminthiasis (trema-
todes and spargana) [31], whereas the others exam-
ined stool parasites or reported colonoscopic findings.

The total number of study subjects was 621 from
the four eligible studies. Approximately 38% of them
were infected with at least one species of helminths.
Ascaris was the most widespread helminth with an egg
positive rate of 41.1%, followed by Trichuris with an
egg positive rate of 38.1%. Approximately 54% (164/
302) of North Koreans were infected with any kind of
soil-transmitted helminths. About one-fifth (20.3%) of
study subjects were tested positive for food- and
water-borne helminths; C. sinensis was the most com-
mon among them with a total positive rate of 11%.

From the four studies, 40% of subjects were refugees
(defectors) living outside North Korea. The total positive
rate for helminthiasis among residents living in North
Korea was significantly higher than that among North
Korean refugees (47.2% vs. 23.4%, chi-square p-value <
0.001). Refugees living in Seoul, South Korea, had the
lowest rate (13.5%) while the residents of North Korea
rated the highest (57.6%) [29,32]. Although North Korean
residents had a generally higher prevalence of hel-
minthiasis than North Korean refugees did, except for
Taenia soliummetacestode, the differences in prevalence

estimates were statistically different only in cases of
C. sinensis and sparganum (chi-square p-values of <
0.001 and 0.002, respectively). No North Korean refugees
were found to be infected with sparganum, whereas 8%
of North Korean residents were ELISA-positive. No
Paragonimus case was detected either in North Korean
residents or refugees.

In Li et al.’s study, rural residents were recorded to
have higher egg-positive rates than urban residents in
North Korea. The egg positive rates among the resi-
dents of Pyeongyang and Cheongjin (urban cities)
were 13.3%, as compared with the rates of 61.5%
among the residents of rural areas. The egg-positive
rate among civilian residents was 64.7%, while that
among military personnel was 28.3% [32].

4. Discussion

Parasitic endemics have long been rampant in the
Korean Peninsula. In a 1951 study, the United States
Armed Forces collected fecal specimens for a survey of
helminthic infection in North Korean prisoners-of-war
and South Korean civilians, finding the total positive
rates of intestinal parasites were 97.5% and 94.5%,
respectively [33]. During the Vietnam War, in which
South Korea deployed over 300,000 soldiers, the pre-
valence of helminthiasis among Koreans overwhelmed
that among Vietnamese, even though Vietnam was
a country that had been considered an economic
equal to South Korea in that time period [34]. In

Figure 1. Flow diagram of the selection of articles.
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1970, Koreans in South Vietnam showed a total para-
sitic infection rate of 82.4%, while 64.6% of Vietnamese
and only 26.1% of U.S. Forces were positive [35]. The
overwhelming burden of helminths was attributed to
the prevalent agricultural practices which involve the
use of human excreta as manure on farmlands and the
habits of eating raw fish and shellfish in the Korean
Peninsula [34].

Since the 1970s, the South Korean government
focused its public health capacity to eradicating para-
sitic infections through promoting the usage of che-
mical fertilizers in place of human excreta and
improving access to sanitation facilities. From 1969 to
1994, nationwide control activities were targeted
mainly at school-age children through implementing
compulsory stool screening exercise for soil-
transmitted helminths and mass chemotherapy pro-
gram [36]. Quinquennial national surveys to examine
the prevalence of helminth parasites in the general
population were conducted from 1976 to 2004. As
a result, the overall intestinal helminth egg positive
rates plummeted from 63.2% to 3.7% during that per-
iod [37,38]. By specific prevalence estimates, the egg-
positive rate of Ascaris has plunged from 55.4% in 1969
to 0.03% in 2014, while for Tichuris sp., the prevalence
has fallen from 74.2% in 1969 to 0.2% in 2014 [39]. The
Chinese liver fluke, C. sinensis, was still found in 5.1% of
the South Korean population and contributed to 77%
of total egg-positives in 2014. This prevalence is
ascribed to the ingestion of undercooked freshwater
fish in endemic areas along the large rivers such as the
Han River and Nakdong River [38,39].

This successful strategy of parasite control, how-
ever, was not able to reach the northern part of the
Korean Peninsula. The shortage of medical commod-
ities and incapacitated maintenance of infrastructure
paralyzed the prevention and surveillance of commu-
nicable diseases in this region [11]. Infection control
was undermined by inadequate running water and
electricity. At lower-level health care facilities, poor
management practices and a lack of adequate tools
for monitoring infectious diseases have also been
reported [40].

According to the United Nations Office for the
Coordination of Humanitarian Affairs, 25% of North
Koreans could not receive essential health services and
1.7million childrenwere at risk of fatal childhood diseases
[41]. The WHO reported that only 60% of the population
could uninterruptedly access essential drugs and medi-
cines from 1995 to 1996, and the rate further declined to
46% from 1999 to 2002 after going through the great
famine [18]. The North Korean government could cover
only 46% of the pharmaceutical needs in 1999–2000,
down from 60% coverage in 1995–1996 [18].

From 2011 to 2015, North Korea had imported
$104 million’s worth of medical supplies from abroad,
91.5% of which were pharmaceutical products [42]. The

economic sanctions imposed in 2017 brought about
the shortage of pharmaceutical resources, which led
to the widespread usage of black-market drugs result-
ing in serious side effects [43]. In response to the scar-
city of medicines, public health authorities encouraged
the use of Koryo-yak, traditional herbal medicines, to
supplement the insufficient supply of basic drugs. The
ingredients were herbs and plants that grow naturally
and were easy to harvest throughout the country. For
example, they recommended sea wormwood (Artemisia
maritima), the fruits of common carpesium (Carpesium
abrotanoides), honey, rice straw, pumpkin seeds, or
watermelon seeds for ascariasis [44].

International communities gave humanitarian aid to
North Korea to alleviate the rampant epidemics of
communicable diseases, but their efforts were concen-
trated on vaccine-preventable diseases such as tuber-
culosis, malaria, hepatitis B, measles, and rubella
[13,18]. While North Korean authorities designated
parasitosis as the second-most threatening challenge
to the people of North Korea, the WHO did not list
parasitosis in the Country Cooperation Strategy [18].
This discrepancy came from the notion that the WHO
focused on improving the efficacy of government
functions while the North Korean Ministry of Public
Health was interested in controlling diseases [18,45].

By social demography, rural residents in North
Korea were infected by helminths more than urban
residents. Higher prevalence of helminthiasis in rural
areas was also noted in South Korea, where 6.8% of
rural residents were egg-positive whereas only 3.1% of
urban residents were egg-positive in 2005 [46]. This
socio-geographic determinant of parasitic infections
also falls to the country of residence. The current find-
ing showed that the North Korean defectors living in
South Korea and Canada rated lower prevalence than
residents in North Korea. This indicates that the distri-
bution and incidence of helminthiasis are determined
by socio-environmental variations that either favor or
are hostile to parasitization during the course of reset-
tlement. For example, North Korean refugees living in
South Korea are provided with public health insurance
which grants access to free medical services for the first
five years of entry to South Korea [47]. The improved
access to medical resources, in addition to clean water
and better sanitary conditions in South Korea, may
have played a significant role in reducing the burden
of helminthiasis among North Koreans who resettled in
South Korea.

One of the most interesting findings from Li et al.’s
study is the lower prevalence of helminthiasis among
the military population compared to the general
population, which implies possible anti-helminthic
activity targeting soldiers who are of a privileged
social class owing to its ‘military first’ policy.
However, the military medical system in North Korea
is also devastated and has been working inefficiently
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since the 1990s with facilities’ and equipments’ con-
dition below international standards. Many North
Korean defectors testify that the level of satisfaction
toward the military medical system is low due to the
lack of pharmaceutical resources, the inadequate sup-
ply of electricity, and the filthiness of facilities [48].
Although egg-positive rates in the North Korean mili-
tary population were lower than their civilian peers in
the study of Li et al. [32], interrupted measures
against parasitosis, possibly due to the lack of phar-
maceutical resources, may not have succeeded in
restraining parasitosis in the military.

Infection with helminths do not only have negative
impacts on physical health but also on the socio-
economic development of affected populations, espe-
cially vulnerable school-age children. TheWHOestimated
that 5.2 million children aged 1–14 years require preven-
tive chemotherapy to control helminthiasis in North
Korea in 2016 [49]. This highlights the need to deliver
a systematic and continuous preventive approach that
covers preschool- and school-aged children, as well as
adults.

In conclusion, helminthiasis is still prevalent in North
Korea due to agricultural practices, poor sanitary con-
ditions, and a dearth of available health care resources,
which came from the economic downturn of the coun-
try. The higher helminth burden among North Korean
residents compared to North Korean refugees implies
that socio-environmental determinants of parasitization
play an important role in the prevalence of helminthia-
sis. Helminth infections are a neglected public health
challenge threatening both present and future genera-
tions in the northern part of the Korean Peninsula.
Efforts should be made to establish strategies and poli-
cies to prevent and alleviate the possible resurgence of
helminthiasis endemics to North Korea.
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